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In order to evaluate motors and inverters, it is necessary to collect data from multiple 
measuring instruments such as power meters, oscilloscopes, and data acquisition recorders 
and examine the relationships among the data. Yokogawa’s IS8000 integrated software 
platform collects various types of such data and displays them on the same time axis. 
Yokogawa has also developed dedicated measuring instruments, the WT5000, DL950, and 
DLM5000, which support the precision time protocol (PTP), a time synchronization standard 
specified in IEEE1588, and achieve sampling clock synchronization.

Running the IS8000 with the WT5000, DL950, and DLM5000 enables seamless 
operation from acquisition and highly precise synchronization of measurement data to 
analysis and report generation, delivering a system configuration and data analysis required 
for efficiently evaluating motors and inverters.

INTRODUCTION

For achieving a decarbonized society, electric vehicles 
(EVs), renewable energies such as wind and solar power, 

and next-generation power grids are attracting much attention. 
With the spread of EVs, it is becoming increasingly important 
to reduce the power consumption of inverter-controlled 
motors. The operating state of an EV motor changes from 
moment to moment, and so transient power consumption such 
as during the start-up of motors, as well as steady-state power 
consumption, must be measured more precisely than before.

Figure 1 shows an inverter-controlled motor system. 
Current and voltage switching waveforms, the automotive 
serial bus, and multiple parameters such as electric power, 

temperature, distor t ion, and torque must be analyzed 
simultaneously. Therefore, integrated measurements are 
required in which var ious measuring inst ruments are 
interconnected to acquire data simultaneously for analyses.

Figure 1 Integrated measurement of inverter-controlled 
motor systems

Figure 2 shows an example of measuring an inverter-
controlled motor system. A WT5000 Precision Power 
Analyzer, a DL950 Scope Corder Data Acquisition Recorder 
with plug-in modules, and a DLM5000 Mixed Signal 
Oscilloscope are connected to the measurement system. In 
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this system, the WT5000 measures the electric power input 
from the battery to the inverter, the electric power output 
from the inverter to the motor, and the output from the torque/
rotation speed sensor. The efficiency of the motor and inverter 
is evaluated precisely using the values of electric power from 
the accuracy-assured WT5000 and the output from the torque/
rotation speed sensor.

Figure 2 Motor and inverter analysis

The DL950 measures the voltage and current outputs from 
the inverter to the motor, and the torque and rotation angle of 
the motor. The high-speed sampling waveform data from the 
DL950 help examine the detailed relationship between the 
output voltage and current of the inverter and the torque and 
rotation angle of the motor.

The DLM5000 measures the sharply rising and falling 
voltage waveforms due to the inverter switching.

Integrated measurement environments are already 
available in the market, with multiple modules installed on a 
single platform to measure electric power, voltage, current, 
torque, and rotation angle simultaneously. However, as 
stated above, dedicated measuring instruments, the WT5000 
and DL950, offer better functions for acquiring accuracy-
assured electric power and measuring high-speed sampling 
waveforms. Therefore, integrated analysis of high-precision 
data from dedicated measuring instruments on a single 
software platform is the most effective way of evaluating 
inverter-controlled motor systems.

This paper lists the problems to be solved for achieving 
integrated measurements, and describes the hardware system 
for high-precision synchronization, data acquisition with the 
integrated measurement software platform, and the method of 
simultaneously displaying acquired data.

PROBLEMS TO BE SOLVED FOR 
INTEGRATED MEASUREMENT

The following problems must be solved to achieve 
i nteg ra ted measu rement  w ith  ded icated measu r i ng 
instruments.
(1) Low precision in time synchronization among measuring 

instruments
In order to evaluate motors in EV development such as by 
electric mileage measurement, it is necessary to perform 

transient measurements of the ever-changing voltage 
waveform and electric power. Figure 3 shows an example 
of integrated measurement of voltage waveform and 
electric power. If the time synchronization precision is low, 
a set of data at the same time point actually corresponds to 
different measurement intervals. In this case, integrating 
the data on a PC does not assure exact analysis, because 
the link between the waveform and electric power is not 
exact.
The conventional time synchronization method, namely 
the network time protocol (NTP), has a synchronization 
precision of several milliseconds. Because the maximum 
d at a  upd ate  cycle  of  t he  W T50 0 0 i s  10 ms ,  t he 
misalignment among measuring intervals of different 
instruments may amount to several dozen percent.

Figure 3 Integrated measurement with low-precision 
time synchronization

(2) Difficulty in comparing relationships
Figure 4 shows that power analyzers and waveform 
measuring instruments have their own dedicated software 
programs. Each software acquires electric power values 
and waveform data and displays the measured values on 
screen.
However, in order to analyze the relationship among 
waveform data during unusual variations in electric power 
values, the electric power values and the waveforms must 
be compared on the same time axis.

Figure 4 Analysis with dedicated software

(3) Diff iculty in position alignment of waveforms from 
different measuring instruments
Commonly used spreadsheet software programs are able 
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to display in parallel two sets of data from power analyzers 
and waveform measuring instruments. However, if the 
measurement start times of the measurement instruments 
are not exactly the same, simply aligning both data sets in 
chronological order does not ensure the synchronization of 
the two data sets.
Manually adjusting the timing of the waveform exactly to 
the unusual value in electric power is extremely difficult, 
because the data update cycle of electric power is typically 
10 ms (100 S/s), whereas the sampling rate of the waveform 
is typically 10 MS/s.

TIME SYNCHRONIZATION FUNCTION

To solve this problem of time synchronization precision, 
Yokogawa has developed a function for synchronizing the 
time among the DL950, WT5000, and DLM5000, based on 
IEEE1588(1). The principle and hardware configuration for 
high-precision time synchronization and the evaluation results 
of synchronization are described below.

Time Synchronization Based on IEEE1588
IEEE1588 is a standard for time-synchronizing devices 

connected to a Local Area Network (LAN), defined by the 
Institute of Electrical and Electronics Engineers (IEEE) 
based in the USA. The precision time protocol (PTP), which 
is specified in IEEE1588, is a protocol used to synchronize 
clocks. PTP achieves higher clock precision than NTP, the 
conventional protocol for synchronizing clocks: the precision 
of NTP is a few 10 ms, whereas that of PTP is less than 10 
µs. Thus, PTP is more than 1,000 times more precise than 
NTP. Yokogawa’s measuring instruments conform to the PTP 
version 2.0 published in 2008.

PTP Synchronization Principle
Figure 5  shows the concept of  cor rect ing t ime 

synchronization based on PTP specified in IEEE1588. The 
Master delivers the time on which PTP synchronization is 
achieved, and the Slave adjusts its clock to the Master through 
PTP synchronization.

Figure 5 Time correction by PTP

Once the Master and the Slave for PTP are determined 
in a LAN, the exchange of messages starts between them to 
synchronize their clocks. The Slave acquires the message 
sending and receiving times T1, T2, T3, and T4 by exchanging 
the messages Sync, Follow Up, Delay Request, and Delay 
Response. The time difference, DT, is calculated from T1 
through T4 following Equation (1), to correct the clock of the 
Slave and synchronize it with that of the Master.

In the conventional NTP synchronization, a processing 
delay is inevitable because the processing on receiving the 
message for synchronizing clocks is carried out by software. In 
contrast, the PTP correction reduces the processing delay and 
achieves high-precision synchronization of clocks by detecting 
the times T1 through T4 of sending and receiving messages and 
the subsequent arithmetic processing by hardware.

PTP Synchronization Structure
A new synchronization function has been developed 

using the hardware of Yokogawa’s measuring instruments to 
comply with the PTP time synchronization. Figure 6 shows a 
block diagram of the hardware synchronization.

Figure 6 PTP synchronization block

When the Slave is operating, the counter data are 
saved and the sending and receiving times T1 through T4 are 
acquired at the timings of sending and receiving the PTP 
messages. The time correction value is calculated from the 
values of T1 through T4 using Equation (1), and the clock of 
the measurement instrument is synchronized to that of the 
Master by correcting the real time clock (RTC). The tolerance 
threshold for time deviation on correction differs from 
instrument to instrument. Therefore, a suitable threshold value 
is set to each measuring instrument. The cycle of sending the 
Sync message from the Master is generally around 1 second. 
The synchronization is maintained by correcting the RTC 
periodically based on the acquired PTP message sending and 
receiving times, so that the correction value does not exceed 
the threshold.

Sampling Clock Synchronization Method
If the internal clock frequency of a measuring instrument 

is not in synchronization with the Master, the time deviates 
during the period from a synchronization operation to 
the next periodic correction, by the amount of the deviation 
between the Master and the Slave internal clock. This 
deviation becomes the deviation in measurement values, 
because the internal clock is distributed and used for the 
sampling clock for measurement. To achieve higher-precision 
synchronization, a new hardware configuration has been 
developed that automatically switches the sampling clock of 
waveform measuring instruments between the internal clock 
and the Master clock. Figure 7 shows a block diagram of the 
clock synchronization.
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Figure 7 Clock synchronization block

The correction value calculated by the PTP synchronization 
control block is converted by a DA converter, and finally 
converted into the synchronization clock by going through a 
variable oscillator. This synchronization clock is input into a 
clock synchronizer, which switches the sampling clock from 
the internal clock to the synchronization clock to achieve 
synchronization. The clock thus synchronized is distributed for 
system clocks of RTC and control circuits, and sampling clocks 
for measurement, to achieve synchronization between the 
Master clock and the sampling clocks. The switching between 
the internal clock and the synchronization clock is carried out 
based on the time constant set in the clock synchronizer, instead 
of being switched instantaneously.

PTP Master Function
To construct a high-precision measurement environment 

using PTP time synchronization, expensive PTP Master 
instruments are required besides measuring instruments. To 
make such an environment more affordable, Yokogawa offers 
an optional PTP Master function that enables the DL950 to be 
used as the PTP Master. By connecting the DL950, WT5000, 
and DLM5000 via Ethernet cables or by LAN-connecting 
them via PTP-compatible hubs, the DLM5000 and WT5000 
can be synchronized using the DL950 as the Master, without 
having to introduce expensive PTP Master instruments.

PTP Synchronization Performance
Measurement results of the t ime synchronizat ion 

performance of the WT5000 and DLM5000, with the DL950 
as standard, are shown below. In this measurement, the DL950 
is used as the Master for PTP time synchronization, and the 
WT5000 and DLM5000 are Slaves to be time-synchronized. 
Pulse signals from an external signal generator are distributed 
and input to each measurement device, and the time stamps of 
the measurement data are compared. Figure 8 shows a block 
diagram of the measurement, and Figures 9 and 10 show the 
evaluation results.

Figure 8 Block diagram of synchronization evaluation

Figure 9 Result of synchronization evaluation of  
the WT5000 with the DL950 as reference 

(The upper and lower limits of the vertical axis 
represent the product specifications.)

Figure 10 Result of synchronization evaluation of  
the DLM5000 with the DL950 as reference 

(The upper and lower limits of the vertical axis 
represent the product specifications.)

Figures 9 and 10 show that the specif ications for 
synchronization precision, ±10 µs for the DL950 and WT5000 
and ±200 ns for the DL950 and DLM5000, are satisfied with 
sufficient margins. These precisions of time synchronization 
are more than 1,000 times better than that of the conventional 
NTP, 10 ms.

Distributing GSP Time
For synchronizing measuring instruments that are located 

far away from a LAN area, such as remote manufacturing 
faci l it ies and wind-power generat ion faci l it ies ,  and 
comparing their measurement results, comparison will be 
more convenient if the time information of a measuring 
instrument in Year, Month, Day, Hour, Minute, and Second 
is synchronized to the International Standard Time, such as 
Temps Atomique International (TAI) or Temps Universel 
Coordonne (UTC). The GPS time is correlated with UTC and 
is precise enough. Also, position information is acquired at 
the same time as the GPS time. Therefore, the GPS time is 
convenient for constructing an integrated environment for 
synchronized measurement at remote locations.

The DL950 is capable of delivering GPS times based 
on the PTP Master function, besides acquiring GPS position 
information and GPS time synchronization, which are also 
the functions of the previous models. The addition of the GPS 
option and GPS accessory unit to the DL950 which has the 
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PTP Master function makes it possible to deliver the GPS time 
using the PTP and to construct a measurement environment 
synchronized to the GPS time that is highly precise and 
accurate.

Also, even if the GPS signal is lost, the DL950 has the 
Holdover function, which helps continue the measurement 
while maintaining the time correction once synchronized to 
the GPS time.

ANALYSES USING INTEGRATED 
MEASUREMENT SOFTWARE

Each measuring instrument has its own dedicated 
software. Therefore, it is difficult to carry out data acquisition 
and analysis collectively on multiple instruments. To solve 
this problem, Yokogawa has developed the IS8000 integrated 
software platform.

There are two ways of displaying the data from multiple 
measuring instruments on the IS8000. One is saving multiple 
files from each measuring instrument on a PC, and reading the 
multiple waveform data and displaying them offline. The other 
is connecting to each measuring instrument to collect the data 
online and display them in real time. Both ways are explained 
below.

Offline Display of Multiple Waveforms
The IS8000 supports the file format of the WT5000, 

DL950, and DLM5000, so that data can be read off line. 
Therefore, the waveforms recorded by multiple measuring 
instruments that are time-synchronized can be easily displayed 
on the same time axis.

Simultaneous Data Collection from Multiple Measuring 
Instruments

Simultaneous data collection from multiple measuring 
instruments has been achieved by connecting the instruments 
online. By consolidating the data from measuring instruments, 
the multiple measuring instruments can be handled as if they 
were multiple channels of a single measuring instrument, 
enabling calculation of waveform parameters among the 
channels. Displaying waveforms and outputting reports of 
analysis results have also been enabled.

Achieving Online Data Collection
Problems in online data collection include the data 

transfer rate and the performance of saving received data. 
Some waveform measuring instruments have a sampling rate 
of about 10 MS/s. Therefore, a huge amount of data is received 
from its multiple channels, and hence an adequate transfer 
rate is required. To achieve such high-speed data transfer, the 
DL950 and IS8000 support the high-speed LAN instrument 
protocol (HiSLIP)(2) for 10 GB Ethernet communication. 
HiSLIP is a protocol for controlling measuring instruments 
based on TCP/IP, specified by the IVI Foundation to replace 
the previous VXI-11 protocol. In the data saving process 
of the IS8000, the processes of the data receiving and 
converting sections are carried out separately to avoid process 

interruption due to garbage collection associated with large-
capacity data processing. Thus, simultaneous data collection 
of 16 channels (320 MB/s) of 10 MS/s waveforms has been 
achieved with 10 GB Ethernet connection. Even if multiple 
waveform measuring instruments are connected, simultaneous 
data collection is possible by generating processes separately.

Data Saving Format
The measurement data format (MDF), a standard of the 

Association for Standardization of Automation and Measuring 
Systems (ASAM), has been adopted as the format for saving 
waveform data, to enable the data acquired by the IS8000 to 
be read by other software.

DISPLAY METHOD WITH SYNCHRONIZED 
TIME AXIS

To solve the difficulty of displaying data acquired from 
separate instruments on the same time axis, a function for the 
IS8000 has been developed to align and display waveforms 
on the absolute time axis. The method of synchronously 
displaying the electric power acquired from the WT5000 
power analyzer and the voltage and current waveforms 
acquired f rom the DL950 data acquisit ion recorder is 
described below. The format of transmitted data for directly 
acquiring data by connecting the IS8000 to DL950 is also 
described.

Aligning the Display on the Absolute Time Axis
A synchronization precision of a few 10 µs is required 

for evaluating inverter-controlled motor systems, which 
makes it difficult to align waveforms manually. Therefore, the 
waveforms are aligned using the information on the absolute 
time that is attached to the data acquired from the WT5000 
and DL950.

Figure 11 shows an example of aligning the displays of 
electric power and waveform data on the absolute time axis.

Figure 11 Example of waveforms aligned on  
the absolute time axis

Data Format for Online Connection
When the IS8000 acquires data online from the DL950, it 

repeats the operation of issuing a latch command to the DL950 
and acquiring data from the DL950, at intervals. Figure 12 
shows the data acquisition sequence.
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Figure 12 Data acquisition sequence

In this sequence, the data between a latch command and 
the previous latch command are forwarded. Therefore, the 
memory of the measuring instrument may overf low if the 
interval between two latch commands is long. In the operation 
of the IS8000, the latch command and data acquisition 
must be repeated at a time interval that does not cause such 
overflowing.

The forwarded data involve multiple channels, and header 
information is attached at the front of each channel. Figure 13 
shows the contents of forwarded data. The header information 
includes the front data time of each channel.

Figure 13 Contents of forwarded data

These data make it possible to calculate the absolute time 
of each point and display waveforms on the absolute time 
axis. Figure 14 shows the contents of the header information 
attached at the front of data.

Figure 14 Header information

The IS8000 also acquires online data from the WT5000 
in a similar way.

APPLICATION OF HIGH-PRECISION 
INTEGRATED MEASUREMENT 
ENVIRONMENT

The newly developed functions described above help 
achieve integrated measurement environments that enable 
analysis of data from high-precision, dedicated measuring 
instruments on a single software platform in evaluating 
inverter-controlled motor systems. Figure 15 shows an 
example of displaying waveforms acquired by high-precision 
integrated measurements.

Figure 15 Displaying waveforms acquired by  
high-precision time synchronization on  

the same time axis

CONCLUSION

Clocks of multiple measuring instruments have been 
synchronized to achieve high-precision time synchronization, 
supporting the PTP time synchronization protocol specified 
in IEEE1588. Also, the IS8000 has been developed to enable 
simultaneous data collection from multiple measuring 
instruments. A new function of displaying waveforms on the 
same time axis has been installed on the IS8000 to enable 
seamless operation from acquisition of data from multiple 
measuring instruments to analysis of the relationship among 
the data sets and report generation. Thus, an integrated 
measurement environment has been achieved that enables 
system configuration and data analysis required for efficiently 
evaluating motors and inverters.

The IS8000 also supports simultaneous acquisition of 
images and waveform data from high-speed cameras, enabling 
visual checking of motor behavior. In the future, even more 
data, such as thermographic temperature distribution, will 
be synchronized similarly, to make it easy to examine the 
relationships among various kinds of data.

The integrated measurement environment developed this 
time is expected to help solve the problem of reducing motor 
power consumption for achieving a decarbonized society.
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